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Abstract—  Digital image processing is the most common and 
versatile method of processing image data and has got wide 
applications.  With the invention of many display devices of 
varying resolutions (Mobile display, PDA etc.), it became essential 
to resize the images to suit the target devices on which it is 
displayed.  It include content unaware methods (Cropping, Scaling, 
Warping etc.) and also content aware methods like Seam carving 
which has gained popularity lately. Seam Carving uses a simple 
image operator called seam. Seam is an optimal 8-connected path 
of pixels on a single image from top to bottom, or left to right, 
where optimality is defined by an image energy function. By 
repeatedly carving out or inserting seams we can change the aspect 
ratio of an image or retarget the image to a new size.   This 
approach claims that the seams must be continuous and 
monotonical. Continuous seams some times include pixels on the 
object of interest thereby resizing it (or even distorting it).  To 
overcome the problem an  efficient new approach using PSC 
(piecewise seam carving) is proposed which divides the image into 
several segments and seam carves each of it individually. It 
preserves objects of interest by avoiding carving in the segments 
containing them. This method  allows the user to interactively 
define number of seams in each segment thereby resizing each 
segment to different ratio. The proposed method works fine even in 
images where the objects of interest are scattered over the image. 
 
Keywords— PSC-Piecewise Seam Carving, ROI – Region Of 
Interest. 
I.  INTRODUCTION 
New demands in digital image processing have become 
mandatory with the rapid advancement in computer technology 
and growth of diverse and versatile display devices.  Retargeting 
is a technique used to alter the size  of  the images to fit the 
varying resolution of the target display device on which it is 
displayed.  The existing and familiar methods of image resizing 
like cropping, scaling, warping etc. have several drawbacks as 
they are all content unaware methods.  Image  scaling in 
horizontal or vertical direction can be performed in real time 
using interpolation and will preserve the global visual effects. 
Obviously, scaling causes distortion  if the aspect ratio is 
different between the input and the output image.  Cropping, 
only removes pixels in the image periphery. It does not preserve 
the regions of interest on the edges of the image and also discard 
too much information if the output resolution is significantly 
lower than the input resolution. Warping is a type of non linear 
scaling transformation that maps pixels  in the input  image to 
positions in the target image  using  a  special function called 
warping function. It is performed by image resampling. Clearly 
this method suffers the drawbacks of scaling and also overhead 
of resampling based on the complexity of warping function.  
 
Seam Carving proposed by Ariel Samier and Shai Avidhan is 
a method of resizing images in a content aware manner, by 
iteratively removing/inserting pixels that they  termed ’Seam’. 
Seam is an optimal 8-connected path of pixels on a single image 
from top to bottom (vertical seam), or left to right (horizontal 
seam), where optimality is defined by an image energy function. 
Backward Energy is used in [1] to evaluate the importance of 
the pixel and forward energy is used for the same in [2]. This 
algorithm always removes or inserts low energy pixels until the 
desired image size is achieved, without considering the real 
visual effect. Denser regions of interest (ROI) in the image and 
sometimes the orientation of the image make it unavoidable that 
the seams bypass the important regions thereby distorting it.  An 
Example of image distortion caused by seam carving is shown 
in Fig.1. 
 
To overcome the problem an efficient new approach using 
PSC (piecewise seam carving) is proposed which decomposes 
the image into several segments and resizes each of it 
individually. This permits the user to choose the amount of 
seams that each segment may allow based on the saliency of the 
information contained in it.   It preserves objects of interest by 
avoiding carving in the segments containing them.  This enables  
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    (a) Image with dense ROI         (b) Oblique orientation of Object 
 
that segments are resized to different percentage (i.e.,  some 
segments are carved to a large extent while the segment 
containing the regions of interest may not at all been carved or 
comparatively carved to a less extent).  The resized segments 
are then combined into one image of desired size.   
 
II.  BACKGROUND 
Image resizing has  been  used in  many applications for 
displaying different resolutions and aspect ratios. Existing 
methods (Scaling, Cropping and Warping) works by uniformly 
resizing the image to a target size without considering the image 
contents.  These methods propagate distortion throughout the 
entire image and noticeably squeeze or stretch prominent 
objects.   Recently, there is a growing interest in image 
retargeting  that seeks to change the size of the image while 
maintaining the important features intact, where these features 
can be either detected top-down or bottom-up. Top down 
methods use tools such as face detectors [3] to detect important 
regions in the image, whereas bottom-up methods rely on visual 
saliency methods [4] to construct a visual saliency map of the 
image. Once the saliency map is constructed, cropping can be 
used to display the most important region of the image. 
 
In [5] and [6] the authors considered the problem of adapting 
images to mobile devices. In [5] the most important region in 
the image is automatically detected and transmitted to the 
mobile device.  A trade off between time and space is suggested 
in [6].  A semi automatic photo cropping system in [7] uses eye 
tracking, in addition to composition rules to crop images 
intelligently. A compromise between image resizing and image 
cropping is to introduce a non-linear, data dependent scaling for 
image and video retargeting [6]. For image retargeting they find 
the Region-Of-Interest (ROI) and construct a novel Fisheye-
View warp that essentially applies a piecewise linear scaling 
function in each dimension to the image. This preserves the   
ROI while the rest of the image is warped.  
 
All these methods achieve impressive results, but rely on 
transformation based techniques (scaling and warping) or 
cropping operations to actually change the size of the image. 
Recently, Seam Carving methods have been proposed to retain 
important contents while reducing  or removing other image 
areas [1]. A seam is constructed by searching for connected path 
of pixels crossing the image from top to bottom or left to right.  
An energy function is used to evaluate the importance of pixels.  
These techniques reduce or expand  uniform regions scattered 
throughout the image, by removing or duplicating monotonic 
pixel-wide low energy seams.  Seam Carving produces 
impressive results, but may deform important content, especially 
structural objects. Moreover, the visual effect coming from 
global composition of the image may also be damaged in the 
output, because such techniques only preserve the important 
objects. 
 
Seam carving fails to protect important objects in images, 
when either the energy content of the object is low with respect 
to its surroundings, or, the number of seams removed is very 
large.  A fuzzy logic based protection for seam carving using 
fuzzy segmentation coupled with neural network skin detection 
is introduced in [8].  Using the above tools the energy image 
produced in seam carving is manipulated, in order to solve the 
problems in seam carving while simultaneously achieving 
content aware resizing with protection of human features.  
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When one operator does not perform well, it is natural to 
extend it to a multi-operator.  [2] presented an image resizing 
algorithm to combine different operators in an optimal manner.  
Bi-cubic scaling, cropping and seam carving are used together in 
this process.  They propose Bi Directional Warping (BDW) as a 
similarity measure between images to compare and evaluate the 
resizing results.  This measure is based in a non-symmetric 
variant of Dynamic Time Warping (DTW). 
 
Image resizing based on optimization of well defined image 
distance function [9], was proposed to preserve both important 
regions and the global visual effect of an image.  This is a joint 
technique  of seam carving and image scaling.   It uses 
bidirectional similarity function of image Euclidean distance 
(IMED), in co-operation with dominant colour descriptor (DCD) 
similarity and seam energy variation. Saliency  map is 
constructed  based on human visual attention [10][11] to 
automaticallydetect the ROI’s. 
 
Several patch-based methods are also presented for image 
retargeting or image summarization. [12] chose patch transform  
and path arrangements that fit well together to change the size of 
an image.   The main draw back of this method is that it cannot 
preserve the completeness of the image.   Graph cuts are used to 
remove entire objects at a time, rather than single 
seams[13][14]. 
 
Our contribution is to decompose the image into several 
segments and carve out (or insert seams into) each of it 
individually at varying proportions in such a way to avoid or 
minimise visual artifacts in the ROIs. Insertion of seam in one 
segment and Carving – out seams in another segment is also 
possible enabling magnification of ROIs if necessary. Seam 
carving (insertion) is done in both (horizontal and vertical) 
directions one after the other but not simultaneously. 
 
III. PROPOSED METHOD 
A.  Overview of Seam Carving 
Seam Carving, proposed by Ariel Samier and Shai Avidhan 
alters the size of an image by generously removing or inserting 
pixels in an image.  It uses a simple image operator called seam. 
Seam is an optimal 8-connected path of pixels on a single image 
from top to bottom (vertical seam), or left to right (horizontal 
seam).  
The seams should be  
•  monotonical, -  one and only pixel in each row  for a 
vertical seam (in each column for a horizontal seam)  
•  8 connected – Being found a pixel on the seam, the 
next pixel that constitute the seam is one of its three 
neighbours on the next row/column. 
 
Removal / Insertion of such a seam do not cause much visual 
attention.  By repeatedly carving out or inserting seams we can 
change the aspect ratio of an image or retarget the image to a 
new size. The optimality of pixels is defined by an image energy 
function.  
     
Let I be an image of size nxm than a vertical seam is defined 
to be: 
s
x  ={s
x
i  }
n
i  =1 ={(x(i),i)}
n
i  =1, s.t for all i, |x(i)-x(i-1)| ≤1, 
where x is a mapping  x:[1,….,n] → [1,….m]. 
 
And similarly a horizontal seam is defined to be: 
s
y ={s
y
j }
m
j          = 1 = {(j,y(j))}
m
j j  =1, s.t. for all j, |y(j)-y(j-1)| ≤1, 
where  y is a mapping y:[1,….,m]  → [1,….n]. 
 
Energy of a Seam =  Sum of Energy of pixels that constitute the 
seam 
E(s) = E(Is) = ∑
n
i=1e(I(si)) 
The optimal seam can be found using dynamic programming. 
 
     s* = min E(s) = min  ∑ e(I(si))  
 
i) Demerits 
•  This algorithm always removes or inserts low energy pixels 
until the desired image size is achieved, without considering 
the real visual effect.  
•  The ROI’s with relatively low energy cannot sustain from 
being carved out.  
•  Denser  regions of interest  (ROI)  in the image and 
sometimes the orientation of the image make it unavoidable 
that the seams bypass the important regions thereby 
distorting it. 
 
B.  Proposed Piecewise Seam Carving 
Our approach for content aware image resizing is to 
decompose the image into several segments and allowing seams 
in each segment in a ratio desired by the user. An Input image I 
is given, this approach produce a new target image T with user 
defined size with minimum distortion and good visual effect at 
the same time retaining the Regions of Interest (ROI) intact.  In 
this method the user interactively selects  some points on the 
image. The user may choose the direction of segmentation 
(vertical or horizontal) and therefore the direction in which the 
size is to be altered.  When a vertical segmentation is opted the 
image is segmented along each pixel selected by  the user 
vertically and a segment number is been allocated from left to 
right.  Each segment is then carved individually to a user 
specified size. Same energy function in [1] is applied to find 
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segment being resized and do not extend into the neighbouring 
segment.  Resizing in  only one direction would change the 
aspect ratio of the image.  If resizing in both directions is needed 
a horizontal segmentation shall be done subsequently along each 
pixel selected by the user and segments are numbered from top 
to bottom.  Each horizontal segment is seam carved individually 
to the user specified size.  The user may even choose horizontal 
seam carving first, followed by a vertical seam carving.  This 
method also allows size reduction in one segment and 
expansions  in another segment.  Similarly the size may be 
reduced in one direction and expanded in another direction.  
 
i) Segmentation Criteria 
 The efficiency of this  retargeting method depends on the 
choice of proper segmentation method and the choice of resizing 
ratio between the segments. 
•  The image is segmented such a way each Region Of 
Interest entirely fall within one segment only. 
•  If an object extends to more than a segment then resizing 
ratio of those segments must be same to minimize the 
distortion in global visual impact. 
•  Choice of segment is made by the user interactively by 
selecting points on the image.  The resizing ratio is also 
chosen by the user. Therefore the effectiveness of 
resizing is based on the skills of the user. 
•  More dense the ROIs or if the ROIs are scattered in an 
image then number of segments is more. 
ii) Seam Criteria 
1)  Seams should be monotonical (i.e., only one pixels in 
each row/column) 
2)  Seams should be connected. (i.e) |x(i)-x(i-1)| <=1 for the 
vertical seam and  |y(j)-y(j-1)|<=1 for horizontal seam (x 
and y are pixel co-ordinates. 
3)  Seam lies within the limits of the segment, (dont extend 
into the neighbouring segment) Xmin(Si) ≤ x(i) ≤ xmax(Si) 
 
Number of seams removed/Inserted in the image I is equal to 
the difference in size of the original image and the resized 
image. S(I) =  Size(I) Δ Size (T)  where T is the targe t image. 
S(I)  is equal to the sum of seams removed in each segment. 
S(I) = Σ
n
i =1
Si 
Si  is the number of seams removed in the i
th segment.   
n is the total number of segments. 
Original size of each segment is displayed automatically and 
the user interactively specifies the target size of the segment.   
Number of seams to be removed from each segment Si is 
obtained by finding the difference between the original size of 
the segment i and the expected size of the image. 
 
Σ
n
i =1
Si  =  Size(i) Δ Size (t) 
 
where i is the original segment and t is the resized segment. 
Each Si   is the difference between the original size of the 
segment and its (expected) target size. 
 
Therefore Size(T) = Size(I)  - Σ
n
i =1
Si 
 
The image is not physically decomposed into segments.   
Segmentation is just a virtual partitioning that prevents the seam 
extending into the  neighbouring segments. So removal of pixels 
in one segment would adjust the position  of    other pixels 
automatically.  And also there is no need for rejoining of 
segments to form a complete image. 
 
 
Algorithm 
1.  Open the image of Size(n x m) that is to be resized. 
2.  Choose direction of resizing. (Vertical/horizontal) 
3.  Opt for either seam insertion of removal 
4.  Select pixels on the image for segmenting it. 
Selecting pixel (x,y) results in two sub arrays  of 
pixels forming two image segments 
a) For vertical segmentation  
   Seg1(n,y) and Seg2(n,m-y) 
               b) For horizontal segmentation 
    Seg1(x,m) and Seg2(n-x,m) 
5.  Repeat segmentation until ‘done’. 
6.  When segmentation is ‘done’ sort the segments 
according to their pixel positions and number them. 
7.  Enter number of seams (Si) to be removed / inserted 
for every segment (i), such that Si >=0 and Sum of Si 
= Total number of seams  to be removed/inserted 
S(I). 
8.  For every segment (i) 
a.  Calculate an optimal seam that lies with in 
the limits of that segment and remove/insert 
it 
b.  Adjust the position of other pixels 
accordingly. 
c.  Repeat steps a and b for Si times (Si =No of 
seams in the i 
th  segment) 
9.  Return the resized image as output. 
 
 
 
C.  Results and Discussion 
The idea of segmenting the image for retargeting  was 
proposed by Setlur in  [15]. He proposed an automatic, non-
photorealistic algorithm for retargeting large images to small 
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background layer and foreground objects. The retargeting 
algorithm segments an image into regions, identifies important 
regions, removes them, fills the resulting gaps, resize the 
remaining image, and re-insert the important region. Resizing is 
done by cropping and scaling and the reinsertion of ROIs’ is 
done by a method of pixel blending.  This is extended to video 
retargeting [16].  A non homogenous retargeting method is 
proposed by Wolf in [17]. 
 
Our approach is also a non-homogenous segmented 
retargeting method that uses an interactive method for 
segmenting images and identifying the regions of interest.  This 
method does not physically removes the ROIs form the image, 
therefore does not leave a gap that necessitates filling. Our 
approach obviously removes the burden of reinsertion  of 
segments.  We also take the advantage of seam carving over 
cropping  which  removes the portions  of image completely.  
Seam carving however is superior in this aspect it does not 
entirely remove object, and it preserves the visual effect. The 
effectiveness of our  approach lies in allowing or disallowing 
seams in a segment. 
   
In the existing method of seam carving, the seams are found 
by evaluating the energy of the pixels. And pixels of low energy 
or less visual impact are removed repeatedly to resize the image. 
Regions with relatively low energy may be the ROIs. But there 
is no way to prevent seams along the Regions of Interest. 
Though the same technique is applied in this approach to find 
the seams, it provides the flexibility of preventing or minimizing 
the seams along the segments containing ROIs  thereby 
preserving even the ROI’s of low energy.  
 
This approach fails when segmentation of image is done in 
both directions simultaneously resulting in a matrix of segments.  
When each segment in the matrix is seam carved individually 
the continuity of seams is missed. It alters the position of object 
in relation to object in other segments and therefore it gives a 
poor visual impact.  So when size has to be altered in both 
directions they are done subsequently. Horizontal seam carving 
followed by vertical seam carving does not exactly yield the 
same image produced by vertical seam carving followed by 
horizontal seam carving. A vertical seam would include pixels 
that would be removed by horizontal seams if it precedes 
vertical resizing and similarly the opposite is also true. However 
both results are impressive and the choice is left to the user. 
 
 
 
 
 
 
 
Fig: 2 
Result of PSC        Original Image  
 
 
In fig 2 the original image is decomposed into 3 vertical 
segments and seam carved in the ratio 20:30:20 
 
In Fig 3, the original image (a) of the house of size 600 x 450 
is taken and is resized using horizontal seam carving to a  size of 
600 x 350. (100 horizontal seams removed.)  As the top region 
of the image is computed to have low energy seams the seams 
inevitable pass through the roof of the house and causes 
distortion.  (Note distortion in the areas circled in Fig 3.(b)). The 
same image is decomposed into five segments and PSC is 
applied to remove a sum of 100 seams horizontally. Fig3.(c).  
Only 13 seams were allowed in the 1
st segment, 6 seams in the 
2
nd and 3
rd segments each, 25 seams in the 4
th and 50 seams are 
carved in the 5
th segment there by resizing the lowest regions to 
the maximum.   Note that our result (c) is obviously much better 
than that of (b). 
 
D. Conclusion 
Our approach may also be called proportional seam carving 
as the segment (pieces) of images are carved at varying 
proportions based on its content saliency. It would even preserve 
a ROI of low energy which the uniform seam carving fails to do. 
The main flaw in this approach is in resizing the objects which 
need aspect ration change.  Such object needs seam carving in 
both directions.  Segmenting the image in both directions 
subsequently would result in a matrix of segments.  Carving 
each segment individually again would distort the background 
and would produce a poor visual impact. As a solution to this 
problem resizing in one direction is completed and then it is 
done in the other direction.  The ROI’s are not identified 
automatically instead it needs user interaction for pointing the 
ROI’s and segmenting it.  This shall be modified in our future 
work. 
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